This study was conducted to obtain baseline data describing Allium monanthum Max. for breeding an elite cultivar. A. monanthum has recently become popular vegetable in Korea owing to its unique flavors and nutraceutical effects. The agronomic traits of 271 accessions of A. monanthum collected throughout Korea were evaluated in this study. Leaf width showed the greatest variation (0.1 to 25 mm) among traits evaluated, followed by leaf sheath length and number of cormlets. The average leaf sheath length and diameter, which are commonly used to evaluate quality in the market, were 1.29 cm and 0.3 cm. Some superior accessions had a leaf sheath length of >10 cm and diameter of >1.1 cm. The average weight of the cormlets ranged from 1 to 2 g; however, one accession weighed more than 4 g. The genetic diversity of A. monanthum calculated based on morphology and molecular distance was greater in Jeolla and Gyeoungsang provinces than Gyeonggi and Chungcheong provinces. Finally, seven elite accessions of A. monanthum were selected owing to their potential usefulness in future breeding projects.
Introduction
Allium monanthum (wild rocambole) is a wild relative of the chive and perennial monocotyledonous genera in Liliaceae. The bulb and white leaf sheath of A. monanthum has long been used as a food and for its antifungal activity and relaxant effects in Korean traditional therapy [1, 2] . A. monanthum is widespread in the hills and plains of Korea and commonly used as culinary spice [3] . Although the growing areas of A. monanthum have increased in Korea, no commercial varieties have been released to date. Rather, farmers personally collect seeds or bulbils of A. monanthum from their natural habitat for the purpose of propagation and multiplication. This results in destruction of the natural habitat of the A. monanthum, as well as economic losses to farmers owing to mis-cultivation of A. grayi, which is similar in shape during vegetative periods. Even though A. monanthum and A. grayi belong to the same species, these plants differ in several aspects [4] . For example, A. monanthum is characterized by short plant height, oval leaf sheath and white or red flowers, while A. gray is taller (about 40 cm), has ovule to circular leaf sheathes with strong garlic flavors and white to pink flowers [5, 6] .
In recent years, A. monanthum has been considered a health food, and there has been increasing demands for it owing to its various inorganic components, amino acids, polysaccharides and other active compounds such as glycosylglycerides [7, 8] . Moreover, A. monanthum has become a high income crops relative to other winter crops due to its good adaptability to marginal land, tolerance of cold temperature, feasibility of cultivation, and short growth cycle (about 45 days), which enables it to be planted 3 to 4 times during winter in Korea [9] . Even though several studies have been conducted to analyze its chemical composition [10, 11] , growth habits and genetic diversity [4] and natural habitation according to altitude [12] , limited information useful to future cultivation of A. monanthum such as sprouting habits, growing, and standard cultivations, are available. Accordingly, the present study was conducted to provide baseline data for selection of an elite A. monanthum germplasm. To accomplish this, major agronomic traits and genetic and biogeography diversity were investigated using 271 accessions of Korean indigenous A. monanthum collected nationwide
Materials and Methods

Plant Materials
The plant materials used in this study were 271 accessions of indigenous A. monanthum germplasms collected from four provinces in Korea (Figure 1) . All accessions were distributed by the National Gene Bank of the Rural Development Administration (RDA), Korea.
Cultivation of A. monanthum
Twenty bulbs of each accession were planted in an experimental field at Kyungpook National University with a distance of 80 cm between plants on March 1, 2012. Because there is no standard protocol for fertilization of A. monanthum, fertilizers were not applied. Irrigation was supplied by drip-watering when soils were heavily dry. Six plants representing each accession were planted in a row by randomized block design with three replications.
Phenotypic Measurements
The plant height, leaf width, number of tillers, diameter of leaf sheath, bulb weight, number of cormlets, and number of bulbils were measured and mean values of each trait were calculated from six plants of each line.
Analysis of Genetic and Biogeographic Diversity
Cluster analysis [13] 
Results
Variation of Agronomic Traits
A. monanthum is emerging as health food in vegetable markets in Korea. However, there is no baseline information is available for breeding an elite cultivar of this plant. Therefore, major agronomic traits were evaluated using 271 accessions of Korean indigenous A. monanthum (Figure 2) . All of the examined traits showed wide and similar continuous distribution patterns with a single peak. Among the traits investigated, plant height showed the most normal distribution, ranging from 75 cm to 10 cm, while leaf sheaf length was the most skewed trait. The number of bulbils was evenly distributed. The coefficient of variance (CV) was highest for the width of leaves, which ranged from 25 mm to 0.1 mm, followed by leaf sheath length and number of cormlets. There was narrow variation in emergence date with 5 days difference and a CV of 3.9 ( Table 1) .
Genetic and Biogeographic Diversity
As shown in Table 2 , genetic diversity of 89 accessions of A. monanthum was evaluated based on cluster analysis of previous data [13] . A. monanthum accessions collected from the Gyeonggi and Chungcheong regions formed 2 and 1 clusters each based on morphology. Cluster analysis based on the ISSR marker showed a similar result in the Gyeonggi and Chungcheong region. Accessions collected from Jeolla and Gyeongsang formed 2 and 3 clusters each when investigated using morphological markers, but 8 and 9 clusters were identified using the ISSR marker, respectively (Figure 3 ).
Selection of Useful Germplasm
Potentially useful accessions for breeding an elite cultivar are listed in Table 3 . GBA364 showed the longest leaf sheath (3.7 cm), while GBA219 showed the widest 
Discussion
leaf and a long leaf sheath. Leaf sheath length is an important trait used for evaluating the quality of A. monanthum in the market. Production of cormlets and bulbils was highest in accession GBA0245 and GBA0340, reAlthough market demand has recently increased, A. monanthum remains undomesticated in Korea. In the present study, potentially elite lines with large diversity were identified by screening agronomic traits among accessions of A. monanthum. Leaf sheath is animportant parameters influencing the marketability of A. monanspectively. GBA0299 had short growth duration with good traits associated with cultivation. Finally, GBA 0289 showed the best overall performance when all agronomic traits were evaluated. thum, with consumers preferring long and fleshy stalks.
[2] J. K. Chang, "Wild Herbs for Health," Nexus Co. Ltd. S (10 cm) and fleshy (1.1 cm in diameter) leaf sheaths. These accessions can be used as a good resource for breeding a high quality A. monanthum. The bulb and leaf sheath is considered the edible part of A. monanthum due to its poor and slender leaves. However, accessions with wide leaves (2.5 cm) can be used as materials for developing a variety of edible leafy vegetables. Moreover, although the average weight of the bulb ranged from 1 to 2 g, accessions with large bulbs (4 g) were also identified.
A. monanthum has been propagated by simple collection of naturally grown cormlets from fields. In the present study, we identified highly productive accessions that can be used for development of a variety for seed bulbs for propagation. Overall, seven elite lines of A. monanthum were selected from 271 accessions A. monanthum for use in future breeding programs. The natural habitat of A. monanthum is affected by the degree of enclosure, intensity of ligh luster analysis by regions suggested that the genetic diversity of A. monanthum from central Korea was narrower than that from the southern and eastern regions. In terms of biogeographic diversity, the Jeolla and Gyeongsang regions were more diverse than the Chungcheong and Geonggi regions. These findings suggest that many varieties have disappeared as a result of urbanization and unfavorable surroundings, leaving only dominant species in those regions.
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